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Spectraplakins are multifunctional proteins that interact with all three types of cytoskeletal fila-
ments. In this issue, Wu et al. (2008) demonstrate a new actin-dependent ATPase activity for the 
spectraplakin ACF7 that allows it to guide microtubule ends along actin stress fibers to focal 
adhesions, promoting disassembly of adhesion contacts and hence cell movement.The shape and movement of cells is 
produced by a large number of pro-
teins that collectively form the cytoskel-
eton. The main structural elements 
are three protein filaments: actin fila-
ments, microtubules, and intermediate 
filaments. These filaments work in con-
cert with a large number of accessory 
proteins that contribute in a variety of 
ways to regulate filament assembly and 
turnover, to alter the configuration or 
arrangement of filaments by bundling 
or crosslinking, to link the cytoskeleton 
to other structures in the cell such as 
membranes and junctions, and to trans-
port cargo along the filaments. In gen-
eral, accessory proteins only work with 
a single type of cytoskeletal filament. 
Although these three cytoskeleton sys-
tems are able to operate independently, 
it is clear that communication between 
them is required to coordinate cellular 
activities. However, relatively few pro-
teins have been identified that work 
with more than one filament type. The 16 Cell 135, October 3, 2008 ©2008 Elsevierstudy by Wu et al. (2008) in this issue of 
Cell now uncovers how ACF7/MACF1, a 
spectraplakin protein, plays an essen-
tial role in microtubule-mediated focal 
adhesion turnover, a process that uses 
the coordination of both actin filaments 
and microtubules.
Spectraplakins are giant, multifunc-
tional cytoskeletal proteins that are 
grand masters of coordination between 
different types of cytoskeletal fila-
ments—they are able to bind to all three 
types of cytoskeletal filaments. As their 
name reflects, spectraplakins contain 
domains found in two cytoskeletal fami-
lies—the spectrins and plakins (Röper et 
al., 2002, Sonnenberg and Liem, 2007). 
Spectraplakins are encoded by genes 
that produce diverse polypeptides by 
using alternative transcription start 
sites and alternative splicing. Different 
spectraplakins contain combinations of 
a variety of protein domains that bind 
to different filament types and filament-
associated proteins, investing the pro- Inc.teins with a diverse range of functions 
in cytoskeleton regulation. As a result, 
spectraplakins are very large proteins—
the largest isoform, in the fly Drosophila 
melanogaster, is 8842 amino acids with 
an estimated length of approximately 
400 nm. Intriguingly, despite the sepa-
ration of the many protein domains over 
the long length of the protein, activi-
ties of the domains are coordinated. 
For example, activity of the N-terminal 
actin-binding domain of ACF7/MACF1 
is affected by the C-terminal microtu-
bule-binding domain (Karakesisoglou et 
al., 2000).
Formation and regulation of the cellu-
lar adhesions that bind to the extracel-
lular matrix (focal adhesions) and enable 
movement makes use of coordination of 
actin filaments and microtubules (Rodri-
guez et al., 2003). The depolymerization 
of microtubules leads to larger, more 
stable focal adhesions (Bershadsky et 
al., 1996, Enomoto, 1996), and single 
microtubules appear to seek out focal 
figure 1. Acf7 coordinates Actin and Microtubules in cytoskeleton-focal Adhesion Dynamics
The spectraplakin ACF7 directly binds both microtubules and actin filaments and has an actin-dependent 
ATPase activity. In wild-type cells (left), ACF7 coordinates the targeting of microtubules to focal adhe-
sions, where they direct disassembly of the adhesion contact and promote cell movement. ACF7-defi-
cient cells (right) show altered microtubule organization accompanied by a loss of microtubule targeting 
to focal adhesions, which become stabilized and enlarged.adhesions and trigger their disassem-
bly (Kaverina et al., 1998, 1999). These 
observations suggested that microtu-
bule ends are led to focal adhesions, 
perhaps by a protein that tracks along 
the actin stress fibers, and that when 
microtubules reach the focal adhesion 
they deliver a disassembly activity. 
The Wu et al. study now implicates the 
spectraplakin ACF7 in the coordinated 
regulation of focal adhesions (Figure 1), 
not only providing molecular insights 
into the mechanism of this process but 
also revealing its importance within the 
intact organism. Indeed, when these 
authors depleted ACF7 from the skin 
of developing mice, they did not detect 
any defects in the formation of the skin 
(possibly because ACF7’s function in 
development can also be performed 
by BPAG1, the second of the two spec-
traplakins). However, the ability of the 
skin cells lacking ACF7 to migrate and 
close wounds was severely impaired. 
Analysis of the behavior of the cells in 
culture demonstrated that their reduced 
mobility is due to the absence of micro-
tubule-induced focal adhesion turn-
over. Therefore, coordination between 
microtubules, focal adhesions, and the 
actin cytoskeleton seems especially 
important in dynamic processes such 
as wound closure. Furthermore, Wu 
et al. demonstrated that ACF7 has an 
actin-dependent ATPase activity that 
is required for regulation of focal adhe-sions, adding yet another function to 
ACF7’s arsenal. ACF7 shares sequence 
homology with the Smc family of 
ATPases, and purified ACF7 has actin-
dependent ATPase activity comparable 
to that of myosin. Unexpectedly, the 
region of sequence homology overlaps 
with the spectrin repeats found in ACF7, 
which are characteristic of members of 
the spectrin superfamily. The authors 
showed that either deletion of this 
region or more precise mutagenesis of 
one of the two Walker motifs common to 
ATPases was sufficient to impair ACF7-
mediated targeting of microtubules to 
focal adhesions.
For the majority of cytoskeletal pro-
tein domains, their only known activity is 
binding to another protein. If these bind-
ing interactions were all constitutively 
active, there would be no control over 
how these proteins assemble. Therefore, 
the binding activities of these domains 
must be somehow regulated. To under-
stand how these proteins assemble into 
dynamic networks, we must identify 
regulatory domains or factors that alter 
the affinity of these protein-protein inter-
actions. The work of Wu and colleagues 
now places spectraplakins in a select 
group of cytoskeletal proteins that use 
nucleoside triphosphate hydrolysis, an 
activity that, based on the function of 
other members of this group, is likely 
to alter protein interactions to provide 
dynamic movements. For example, in Cell 1motor proteins, ATP hydrolysis alters the 
interaction of the motor domain with the 
filament tracks to provide the conforma-
tional changes that drive motor protein 
movement. Also, ATP and GTP hydro-
lysis by actin and tubulin monomers 
contribute to processes that regulate 
the length of actin filaments and micro-
tubules. Such modulation of filament 
length extends and retracts cytoskeletal 
filaments across the cell and enables 
rapid changes in cell shape.
Does the identification of an ATPase 
activity in ACF7 mean that a new actin 
motor family has been discovered? The 
motor activity of ACF7 certainly fits with 
Wu et al.’s model, in which ACF7 bound 
to microtubules moves along the actin 
stress fibers, guiding the microtubule 
tips toward the focal adhesions. ACF7 
could function in a similar manner to 
motor proteins such as kinesin, where 
the presence of at least two linked 
motor domains containing ATPase 
activity enables processive movement 
of the motor along filaments. This would 
require dimerization of the spectra-
plakins. Alternatively, the role of ACF7’s 
ATPase may be more akin to that of actin, 
where nucleoside triphosphate-bound 
monomers have a strong binding affin-
ity for filament ends; once a monomer 
is bound, nucleotide hydrolysis reduces 
the strength of the interaction so that 
the monomer can dissociate again (Pol-
lard, 1986). In this scenario, monomeric 
ACF7 would make brief high-affinity 
interactions with actin filaments before 
ATP hydrolysis and dissociation. A com-
bination of this cycle of actin-binding 
with ACF7’s interaction with the protein 
EB1 at the growing ends (plus ends) of 
microtubules could promote a dynamic 
interaction between the microtubule tips 
and the actin stress fibers, thus connect-
ing the two moving filament types. There 
also remains the question of whether 
the actin-binding calponin homology 
domains in ACF7 mediate the actin 
dependence of ACF7’s ATPase activity 
or whether there is an additional actin-
interaction domain in ACF7. Clearly, the 
identification of ACF7’s ATPase activ-
ity and its ability to guide microtubule 
ends to focal adhesions opens many 
new exciting avenues for research on 
spectraplakins and related cytoskeletal 
adaptor proteins.35, October 3, 2008 ©2008 Elsevier Inc. 17
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For most multicellular organisms, mRNA 
transcription is essentially shut down in 
both late-stage oocytes and the early 
embryo. During oogenesis, transcription 
generally ceases before fertilization, and 
oocytes may be maintained in a state of 
transcriptional inhibition for extended 
periods of time (Walker et al., 2007). 
Transcription is also silenced during the 
earliest embryonic stages, in which the 
embryo is dependent upon proteins and 
mRNAs of maternal origin (Schier, 2007). 
Embryonic transcription is generally 
delayed until the degradation of these 
maternal mRNAs during the complex 
transition from maternal to zygotic gene 
expression. Previous indirect evidence 
has suggested that this transcriptional 
silencing in the early embryo might be 
enforced by a repressor that is titrated 
during embryonic cell divisions or by 
limiting general transcription factors. In 
an exciting new study, Guven-Ozkan et 
al. (2008) link transcriptional silencing in 
early embryos of the worm Caenorhabdi-
tis elegans to mechanisms that mediate 
other aspects of the maternal-to-zygotic 
transition.
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Oocyte maturation in C. elegans, the 
process by which oocytes prepare for 
fertilization, requires the proteins OMA-1 
and OMA-2, which are zinc finger pro-
teins of the CCCH class that bind to RNA 
(Detwiler et al., 2001). OMA-1 and OMA-2 
appear during late oogenesis and are 
important not only for maturation but also 
for early embryonic development. In their 
new study, Guven-Ozkan et al. identified 
a surprising aspect of these embryonic 
functions for OMA-1 and OMA-2: in early 
embryos, these OMA proteins bind and 
inhibit TAF-4, a component of the gen-
eral transcription factor TFIID. TFIID—
composed of the TATA-binding protein 
(TBP) and multiple TBP-associated fac-
tors (TAFs)—establishes the transcrip-
tion start site and is required for most 
RNA polymerase II (pol II) transcription 
(Wright et al., 2006). TAF-4 is critical for 
TFIID stability (Wright et al., 2006) and 
seems to be required for essentially all 
pol II transcription in the early C. elegans 
embryo (Walker, et al., 2007).
In the C. elegans embryo, transcrip-
tion begins in somatic cells at the four-
cell stage (Figure 1). Guven-Ozkan et al. 
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Wu, X., Kodama, A., and Fuchs, E. (2008). Cell, 
this issue. found that in one- and two-cell embryos, 
OMA proteins inhibit TAF-4 func-
tion by binding to this nuclear protein 
and sequestering it in the cytoplasm. 
Interestingly, OMA proteins inhibit the 
nuclear accumulation of TAF-4 through 
clever molecular mimicry. TAF-4 main-
tains its localization in the nucleus by 
binding to TAF-12 via histone fold-like 
domains. To titrate TAF-4 away from 
its usual binding partner, the OMA pro-
teins bind to TAF-4 through a domain 
that resembles the TAF-12 histone fold. 
Indeed, Guven-Ozkan and colleagues 
observed that if OMA protein levels 
were reduced, TAF-4 accumulated in the 
nuclei of one- and two-cell stage worm 
embryos, leading to activation of gen-
eral transcription and perturbation of 
embryonic development. Mutagenesis 
experiments performed by the authors 
further revealed that the TAF-4-binding 
region of OMA proteins is both distinct 
from their RNA-binding region and dis-
pensable for oocyte maturation, thus 
elegantly discriminating between OMA 
protein functions in oocyte maturation 
and embryonic development.
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